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BACKGROUND: Vaccination is still the best way to protect against influenza, and studies in mice show 
we can achieve a high level of protection but it wanes over time[1]. Although it is unknown how this 
waning time scale translates from mice to humans, studies of influenza vaccine efficacy (VE) suggest that 
protection may wane intra-seasonally. Different levels of prior immunity, vaccination distribution timing, 
and types of data collected (e.g. from matched cohorts, test-negative design, etc.) complicate 
interpretation of the results when attempting to estimate vaccine efficacy and its waning in humans. Many 
studies attempt to estimate influenza vaccine efficacy and waning but the results are contradictory. We 
aim to quantify the accuracy of these estimates. 

METHODS: We use a multi-scale model that links within-host and between-host dynamics of influenza 
in a human population. The within-host scale of the model is built in line with our previously published 
studies [2,3]. The between-host model is SIR-based. Heterogeneity in prior immunity and vaccination 
time during a given season as well as the extent of waning of immunity are all important parameters that 
may affect the interpersonal infection dynamics. We capture these heterogeneities in an agent-based 
model framework for the spread of influenza infection. With this general framework, we compare the 
waning of true vaccine efficacy and the vaccine efficacy observed by simulating different vaccination 
study types analyzed with different statistical techniques and determine the vaccine’s effect on 
transmission and infection. 

RESULTS: We simulate four different scenarios: 1) no waning with complete protection, 2) fixed level of 
leaky protection, 3) waning from 80% to 50% vaccine induced leaky protection, and 4) waning from 
complete protection to no protection. Each scenario was run one thousand times with a population of 
100,000 and consistent initial conditions and parameters with the exception of vaccine-induced protection 
level and whether or not vaccine protection waned over a two month period. Analyzing our simulated data 
with the commonly used Cox proportional hazard model and its Schoenfeld residuals shows that in some 
waning scenarios (see Scenario 3) the statistical model can incorrectly report no waning in some of the 
simulations. However in simulations with no waning, the vaccine efficacy as would be calculated by an 
actual study is quite accurate. 

CONCLUSIONS: We conclude that certain study designs and statistical techniques may not always 
accurately capture seasonal waning of the influenza vaccine in humans. We have also found that the 
system is sensitive to vaccination timing relative to disease introduction and vaccination coverage levels. 
In cases where there is waning, the 
hazard model underestimates the true 
vaccine efficacy (Scenarios 3,4). 
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1) No 
Waning: 

100% 
Protection

2) No 
Waning:  

80% 
Protection

3) Waning: 
80%-50% 
Protection

4) Waning: 
100% - 0% 
Protection

Detected 
Waning (% 
simulations)

0% 4.7% 93.3% 97.8%

Avg.  
Estimated 
VE

100% 81.7% 54% 17.2%

Table 1:  Cox proportional hazard model used to analyze 4 different 
scenarios each with 1000 runs for 100,000 people in the population and 
vaccination coverage of 40%. This statistical method’s conclusions were 
only completely accurate in the case of complete, non-waning vaccine 
protection. ScenariosResults


